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Overview

o Overall Goal: True 3D Reconstruction of evenks in
Liquid Argon Time Projection Chambers

o First Step is the creation of 3D Space Points from 2D
information

o Hopefully this sets the stage for Kazu/Taritree

o Plan for this presem&aﬁow

o Introduction to how 3D Space Points are formed in wire
readout Liguid Argon Time Projection Chambers (LArTPC)

o Will try to illustrate the pi?:af&u.s

o You will naturally conclude that machine learning techniques
are perfect for solving this problem

o Assume Little to no nfotmi,i.iariij with LArTPCs so will give
a brief inkroduction



Single Phase LAr TPC
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“Hit” Based Recownstruction

“Raw” waveforms for induction planes are bipolar, for
the colleckion F}Lav\e Ehej will be um&pomr

Example of a typical signal from the middle induction layer

Purple waveform: “deconvolved” signal
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- Sighal processing uses a deconvolution procedure to
recover gaussian shaped unipolar waveforms.

- A subsequ@.&\& algorithm identifies and fiks “hits”,
returiing peak time, width and depasi&ed charge



“Classic” Evenlt Recownstruction

| 2DADC - 2D hits = 2D objects = 3D structures = PID & energy
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sim: GENIE+G4+LArSoft, reco: gaushit + linecluster + PMA, DUNE FD geometry

Here: trivial topology for illustration, all tracks/vertices correct, but LArTPC can be hard!
dense medium — multiple scattering, secondary interactions
unlike colliders: no fixed interaction location, no hits ordering, no event direction in non-beam physics
,special” orientations in LArTPC: isochronous, along drift, along readout wire
difficult pattern recognition of low energy and/or multiple EM cascades

long chain of pattern reco / 3D reco algorithms prone to inefficiency accumulation

Slide by Robert Sulej - Connecting The Dots 2017
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3D Space Point Building

o Alternative ko 2D feature makbching reconsktruction is to
first create 3D Space Foints and then utbilize 3D
reconstruction algorithms

o The prebtem here is in dealing with the ambiquous
combinations of 2D hits that lead to “ghost” 3D Space Points

o Give brief overview of two mebthods:

o The first approach aims to create all possible Space Points
with goal of maximizing efficiency at the expense of
purity

o The second approach attempts to only build “correct” Space
Points with the goal of better purity ot the expense of
@.{ffi,tiemtv



Sivai@. ngaﬁe Poinks

o Driving philosophy is that one builds and leeps
space points from all “allowed” combinations
of individual 2D hits

o Want high efficiency for “true” space points, willing
to accept to accept some level of “ghost” space
points to achieve goal

o In fack one has to accept that there are ambiquous
combinakions

o Assume 3D level algorithms will resolve allowed

ambigui&es

o The approach is simple, the work is in handling
the combinatorics



“Allowed” Combinations

- First criteria: Hits
ER rust overlap in time

Second Criteria: Wires “intersect”
forming a “mininmum size triangle”
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Some Obvious Problems

o Creating space peim&s c{epemds cri&&aauv on the
2D hit finding eafmficievxtv and quality

o Missing 2D hilts will resullt in either missing space
points —or- (worse) the wrong space points

o Obviously, the 2D hit finding depends critically on
the signal processing

o Beao&/sicw/y\oisv channels also lead to missing hiks
o Building the “correct” space points from 2D hiks

also requires understanding im&ermpi.ane timiing
offseks
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The Obvious Pathologies

o Isochronous kraclks

o Large numbers of 2D hits will agree in time and have
good values for the metric above.

o Gemerai.tv, ownce the hits start to have a separa&iwn on
the order of the average width then the quality metric
starts to have value in sorting these out

o Distorted waveforms

o Primarily an issue for track brajectories parallel to the
drift direction - creates long pulse trains on a small
number of wires

o Also an issue whewn bkrack Erajea&mr\j is Farati.ei ko Ehe
wire orientation in a given sense PLM\&
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Spaﬁe Pounk Quat&gj Mekbkric
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o Build a guality metric which can be useful in the

downsktream recownstruckion:

o First compute weighted average time of the three 2D hits,
using this and the widths of the hits, form the sum of the
squares of the “pulls” of the three hits

o Can reject those with outright "bad” chi-square values

o Can be very useful in downstream disambiguation
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| »xam!pi.@. ‘D&sytavs

o Following e_xampte evenk ciisyiogys ubilize the
ICARUS TPC simulakion/reconstrucktion

o Space point finding works with other TPCs
o Curreu&i.j also used i MicroBooNE and ProbtoDUNE

o ICARUS is a more interesting example because it is a
multi-Cryostat and mulit-TPC detector

o In the 3D event di,sptavs, space points are color
coded according to the previously described metric

o Using a “heat map” - better values of metric are
at the red end of the spectrum, worse at the

blue end
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Simulation: single isotropically generated muons

, Space points color coded
..... using a “heat map” scheme
Darker blue means the mekbric
s worse, Darker red means the
= mebric is bebter
Geherauj you can see that the
space points create ribbon-Like
&rajec&aries (gemerattj)
The color coding also illustrates
how the qu&ti&v mekric hetps
visualize the center of the tro jectory '14"-;_-:_,
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Zoom to the region where the muon
s&aps and detajs to a Michel eleckron
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in the “better” space points in this region



Spat‘:@. Poiuntk Solver

o Tbevei.opad bv Chris Backhouse “Spring/Summer 2017

o Goal here is to prefer building of space points from the
correct combinations of 2D hiks - aim to reduce the
ghost point combinations

o Starting point similar to the simple approach - form all
“allowed” combinations

o Then bry to resolve ambiguous space points using the charge
information of the hits

o Assume the colleckion PLM\@. charges have the “true” deposi&iam ak
that Eime and Fosi&om

o Employ a minimization technique to distribute this charge among the
matched induction plane hits

o Originauj motivaked bj a similar &eahmique cieve.i.c:-ped ak

Brookhaven using pixel info instead of hiks - “WireCell”
17



f&@.sai\/&v\g Ambigui&es

Iwires sites

minimize X2 = Z q; — Z Tiipj
J

I

gi = charge observed in the it induction hit
- T;; = 0 or 1, does site j contribute to hit /7
p; = charge predicted at site J

sites s
subject to p; > 0 for all j and ) Ujpj = Qi for all k |
,- ,

i Uik = 0 or 1 — does site j contribute to collection wire k7
Qx = total charge in the k™ collection hit to be distributed

Slide content from Chris Backhouse



Further Impravamemﬁ

> Remammg freedom while mamtamlng a convex problem, add terms |

sites

X° = x> =Y Vipipj

k

L > A term like ) . p; has no effect due to overall charge conservation

| » \/;; terms amount to L2 regularization — prefer one large hit to two
~ small ones

Nei ghbo rs
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> Pick Vj = 0.15e"i/2°™ arbitrarily I /

'> Rewards proximity of charges

InductionHit

| spaceCharge

» Overall strength set by trial and
error
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SpaceCharge
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Si.c,cl.a con&en& §rom L..hms Backhc«use




Nice exam[pte evenlk with a Meartj Lsochronous
track to illustrate the impact of the
minimization and reqularization
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(c) With regularization (d) True charge distribution
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Generally, the creaked Space Points
now from a much narrower “ribbon”
than those from the simple approach

Same Evenk as on Slide 16
Now drawn wikh Space Poinks
Made wikh Spa\te.?oénﬁsotver
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Same Zoom parspac&ives as o
slide 17

Chris has continued to develop this with
further improvements to the algorithm as well
as including the ability to handle bad/dead channels



SF’&«E’;‘Q Poink Sum mary

o Building Space Points using only reconstructed
hit information is not problem free

o Ghost points arise due to the finite width of
reconstructed hits, the problem gets worse as tracks
become isochronous

o The best strategy for reducing ambiguous Space
Points requires “more” information than at
hand whewn constructing them

o Machine Learning techniques Should be better
suited to solving this Probt&m

o In this case it is best to have high efficiency at the
expense of purity when building the Space Points
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